Neuroimaging has identified an overlapping network of brain regions whose activity is modulated by mood and cognition. Studies of depressed individuals have shown changes in perception, attention, memory, and executive functions. This suggests that mood has a pervasive effect on cognition. Direct evidence of the effect of sad mood on cognition is surprisingly limited, however. Published studies have generally addressed a single cognitive ability per study because the fleeting nature of laboratory-induced mood precludes extended testing, and robust findings are limited to mood effects on memory for emotional stimuli. In this study, sad mood was induced and prolonged, enabling the effects of mood to be assessed for an array of abilities, including those that share neural substrates with sad mood and those affected by depression. Sad mood affected memory for emotional words and facial emotion recognition, but not the other processes measured, with a significant nonuniformity of effect over tasks. These results are consistent with circumscribed effects of sad mood on certain emotion-related cognitive processes, but not on cognition more generally.
How does mood affect cognition? Intuitively, it seems likely that mood influences what we think about and how efficiently our thought processes proceed. Consistent with this intuition, the functional neuroanatomy of mood and that of cognition encompass overlapping networks of cortical and subcortical brain regions (Cabeza & Nyberg, 2000; Phan, Wager, Taylor, & Liberzon, 2002) . Also consistent is the finding that clinical depression may be accompanied by a number of cognitive abnormalities, including biases in the content of perception, attention and memory toward negative affective content, and impairments in the speed and accuracy of emotionally neutral cognitive processes, particularly executive functions.
Three types of evidence suggest that the substrates of cognition are shared with, or open to extensive influence by, the substrates of mood. The first comes from functional neuroimaging. The other two come from behavioral studies of cognition. These include studies of the effects of depression on cognition, already mentioned, and of the effects of laboratory-induced moods on the cognitive processes of normal healthy participants.
Functional neuroimaging studies have indicated that the anatomical basis of sad mood and cognitive processing have considerable overlap. Sad mood, in both healthy participants and those with clinical depression, has been shown to influence the activity of a common set of prefrontal and limbic brain regions (Davidson, Pizzagalli, Nitschke, & Putnam, 2002; Mayberg et al., 1999) . Many of these are also implicated in cognitive functions. The overlap between the brain areas modulated by sad mood and cognition is consistent with a shared, interactive neural architecture for cognition and mood.
For example, activity in the prefrontal cortex is altered both in normal sad mood and in depression (for reviews, see Davidson et al., 2002; Mayberg et al., 1999; Murphy, Nimmo-Smith, & Lawrence, 2003; Phan et al., 2002; M. L. Phillips, Drevets, Rauch, & Lane, 2003a , 2003b . This brain region is also associated with the set of higher order cognitive abilities referred to as executive functions. More specifically, dorsolateral prefrontal cortex, which is reliability activated by working memory tasks Casey et al., 1998; Cohen et al., 1997; , has been found to be hypoactive in depression (for review, see Drevets, 1999) . Studies of induced sad mood in healthy volunteers have also found abnormally low activation in this area (Aalto et al., 2002; Gemar, Kapur, Segal, Brown, & Houle, 1996; Liotti et al., 2000; Mayberg et al., 1999) . Medial regions of the prefrontal cortex, including the anterior cingulate cortex, which play a role in cognitive control and inhibitory processing (Bush, Luu, & Posner, 2000; Kiehl, Liddle, & Hopfinger, 2000; Liddle, Kiehl, & Smith, 2001; Peterson et al., 1999) , also show abnormal levels of activation in both depression (Bench et al., 1992; Drevets et al., 1992; Kennedy et al., 2001 ) and normal sadness (for reviews, see Phan et al., 2002) . A recent meta-analysis by Steele and Lawrie (Steele & Lawrie, 2004) mapped the activation maxima from published studies of cognitive tasks and emotion induction tasks, all in healthy participants, onto a common brain space to assess the degree of segregation and overlap. They found that the "center of gravity" of the emotional maxima was located more inferiorly than that of the cognitive maxima, but that the overlap between the two distributions was extensive, encompassing far more territory than either type of activation alone.
Another important nexus of cognition and mood in the brain is the amygdala, which plays a role in memory, perception, and mood. Functional neuroimaging studies of normal healthy participants have shown that circuits within the amygdala mediate both the encoding of emotionally valenced material into memory (see Phelps & LeDoux, 2005 , for review) and the perception of facial emotion (see Haxby, Hoffman, & Gobbini, 2002 , for a review). Functional neuroimaging studies have also shown that the amygdala is hyperactive in depression (for review, see Drevets, 2003) ; this has also been shown in many studies of normal sad mood (Aalto et al., 2002; Eugene et al., 2003; Lane, Reiman, Ahern, Schwartz, & Davidson, 1997; Levesque et al., 2003) .
On the basis of the distributed and overlapping substrates of sad mood and cognition, one would expect sad mood to have extensive effects on cognitive processing. At first glance, behavioral studies of sad mood and cognition support this prediction. A substantial literature exists on mood effects on memory in depressed and normal participants. In general, depressed patients are more likely to recall negatively valenced words, story facts, and autobiographical memories in laboratory contexts compared with healthy control participants (see Williams, Watts, Macleod, & Mathews, 1997 , for a review). A similar pattern of bias toward negative memory has been reported in normal participants after laboratory sadness induction (Bower & Forgas, 2001) .
Executive functions, including working memory and cognitive control, are frequently (although not invariably) found to be impaired in depressed patients (for reviews, see Austin et al., 1999; Marvel & Paradiso, 2004; Rogers et al., 2004) . These demonstrations have included tasks that stress working memory, the capacity to hold a stimulus representation in mind over a brief interval of time and avoid interference from subsequent stimuli. The Digit Span subtest of the Wechsler Adult Intelligence Scale (WAIS; Wechsler, 1997) IQ test is a well-known working memory task in which participants must retain a sequence of auditorily presented digits long enough to repeat them back in either the original or a reversed order and on which depressed patients perform below controls (Moritz et al., 2002) . The 2-back task was developed as a test of working memory in functional neuroimaging studies and requires the participant to continually encode new items into working memory, comparing each new item with the one presented two items earlier. Depression also lowers performance on this measure of working memory (Harvey et al., 2004) . Cognitive control, the process by which the needed amount of attention is allocated to avoid errors, is also impaired in depression, as measured by tasks such as the Stroop Color and Word Test (Rogers et al., 2004) and Go/No-Go Association Task (Langenecker et al., 2005) .
Facial emotion perception is altered in depression. Depressed patients are slower and less accurate in classifying facial emotions (Bouhuys, Geerts, & Gordijn, 1999; Cooley & Nowicki, 1989; Feinberg, Rifkin, Schaffer, & Walker, 1986; Gur et al., 1992; Langenecker et al., 2005; Leppanen, Milders, Bell, Terriere, & Hietanen, 2004; Mikhailova, Vladimirova, Iznak, Tsusulkovskaya, & Sushko, 1996) . Most studies have not found bias toward the perception of negative emotions in addition to general impairment, and when found, bias appears to be correlated with patients' comorbid anxiety rather than with sadness (Bouhuys, Geerts, & Mersch, 1997) . There is little corresponding literature on facial emotion perception and sad mood in normal participants. Bouhuys, Bloem, and Groothuis (1995) reported a study in which facial emotion recognition was compared in normal healthy adults after sad and happy mood inductions. Although no general effect of sad mood was observed, when the data from the half of the participants who responded most strongly to the induction were analyzed separately, a bias toward sadness and rejection was noted for the subset of emotionally ambiguous faces.
Depression is also accompanied by attentional biases in favor of negatively valenced emotional material. This has been demonstrated using the "emotional Stroop" task (Williams, Mathews, & MacLeod, 1996) and attention probe paradigms (MacLeod, Mathews, & Tata, 1986) . In the emotional Stroop task, slowing of color naming for emotionally valenced words is the measure of attentional bias. Depressed individuals display interference in the emotional Stroop (Lim & Kim, 2005) . Less work has investigated emotional Stroop performance as a function of mood in nondepressed participants, and results have been mixed. Stroop interference has been observed for sad words after sad mood induction in one study (Gilboa-Schechtman, Revelle, & Gotlib, 2000) , but not in another (Perez, Rivera, Fuster, & Rodriguez, 1999) .
Even when the emotional Stroop task yields positive results, their interpretation may be ambiguous (Algom, Chajut, & Lev, 2004; McKenna & Sharma, 2004) , leading some researchers to seek a different measure of attentional bias for emotionally valenced stimuli. In the attention probe task, pairs of words are briefly presented on a screen followed by a simple visual task such as speeded dot detection. Task performance is facilitated at the location previously occupied by the word to which the participant attended. Depressed participants show relatively more attention to locations occupied by negatively valenced words than do nondepressed participants (B. P. Bradley, Mogg, & Lee, 1997; Mathews, Ridgeway, & Williamson, 1996; Mogg, Mathews, Eysenck, & May, 1991) . Only two studies have examined the effects of normal sad mood on attentional allocation in this type of task, and they found inconsistent results. The first found the predicted negative bias in just one of the three word-exposure durations tested (B. P. Bradley et al., 1997) , and the second found a trend among participants without a history of depression toward paradoxically less negative bias in the negative mood condition relative to the neutral condition (McCabe, Gotlib, & Martin, 2000) .
This brief review shows that the literatures on the effects of normal and depressed sad mood on cognition diverge in the following respect: Whereas depression has been found in numerous studies to exert a fairly consistent influence on perception, attention, memory, and executive function, published reports of the effects of experimentally induced sad moods in healthy participants are much fewer in number, include more null results, and on balance consist mainly of biases in memory. This raises the possibility that sad mood per se does not exert an effect on cognition in general and that factors other than mood may be responsible for the cognitive changes seen in depression. According to this hypothesis, the absence of published research on the effects of normal mood on cognitive functions other than memory is due either to lack of study or to the file-cabinet effect, the tendency of null results to go unreported.
One reason that few studies of sad mood effects have been carried out across a broad range of normal cognition processes is a practical problem with laboratory mood induction studies. In contrast to depressed participants, whose sad mood is continual, normal participants' sad moods are fleeting, and this imposes a serious limitation on research. Mood induction procedures typically involve watching a sad film clip or recalling a sad life event, often while listening to sad music, and the mood they produce is typically experienced for less than 10 min (Fiedler, Nickel, Muehlfriedel, & Unkelbach, 2001; Gilboa, Roberts, & Gotlib, 1997; Seibert & Ellis, 1991; Varner & Ellis, 1998) . The short-lived nature of experimentally induced sad mood in normal participants makes it difficult to assess the effects of sadness in more than one task at a time.
A limitation on the number of cognitive processes that can be studied in a single experiment would reduce the number of different cognitive processes investigated overall. In addition, a null result with a single task is difficult to interpret and is more likely to end up in the file cabinet, unreported, because in such cases one cannot know whether the mood induction was simply ineffective. In contrast, a null result in one task coupled with a positive result in another task suggests that the mood induction was effective in changing mood.
The experiments described here were undertaken to discriminate between the alternative relations between cognition and mood. They were designed to answer the question Does sad mood in normal healthy people affect the full range of cognitive abilities suggested by both the depression literature and the overlap between mood-related and cognition-related activation in the functional neuroimaging literature? Or, alternatively, does sad mood merely bias memory, without the more extensive effects on cognition seen in depressed patients?
The tasks used in the present study were selected to assess the range of neurocognitive abilities altered or impaired by depression, namely working memory, cognitive control, and recognition of emotional facial expressions, as well as a tendency to attend to and remember negatively valenced emotional material. We selected seven tasks to assess these abilities.
Perception, attention, and memory were assessed with the following: a facial expression perception task with multiple-choice oral-verbal response; an attention probe task in which attention to words of varying emotional valence is probed by means of a simple visual pattern discrimination task with button-press response; and a memory task in which words of varying emotional valence were presented visually for study and later tested by free recall and an "old-new" recognition test. The executive functions of working memory and cognitive control were assessed with two tasks each, to maximize the likelihood of finding evidence of mood effects. These tasks were the Object 2-Back task, a working memory task with nonverbalizable visual stimuli and button-press responses; the Digit Span task, a working memory task with verbal stimuli and oral-verbal responses; the Go/No-Go task, a cognitive control task with single-digit stimuli and button-press responses; and the Stroop Color-Word Interference task, a cognitive control task with verbal stimuli and oral-verbal responses.
To maximize the interpretability of any null results we might find with some of these abilities, we assessed them together with the same participants in the same testing sessions. Provided we were able to replicate the previously observed memory bias for sad material, we could conclude that our mood manipulation was effective. We prolonged the induced mood with follow-up mood inductions ("mood boosters") interposed between tasks and counterbalanced the order of tasks relative to mood inductions. We also maximized the sensitivity of the experiment by using a withinparticipant experimental design in which the same participants underwent a sad mood induction on one day and a neutral mood induction on a different day.
Method
Participants Thirty-three healthy volunteers were recruited for this study. The group consisted of 14 men and 19 women, with a mean age of 25.28 years (SD ϭ 11.14, range ϭ 18 -56). Participants responded to flyers and e-mail advertisements posted on the University of Pennsylvania campus and e-mail newsgroups. Exclusion criteria included past or present history of psychiatric illness, substance abuse, head injury, or use of medications that might affect cognitive function. Inclusion criteria consisted of at least a partial college education (mean years of education ϭ 15.30, SD ϭ 1.94, range ϭ 12-20) and English as a first language, to narrow the variability of performance across participants and to ensure familiarity with the vocabulary used in the memory test. All participants were tested under both a neutral and a sad mood induction (16 received the neutral induction first, 17 received the sad induction first). Mean incoming Beck Depression Inventory scores were 2.6 (SD ϭ 2.3, range ϭ 0 -7) on the neutral mood induction day and 3.9 (SD ϭ 3.4, range ϭ 0 -7) on the sad mood induction day (see Figure 1 ). Both of a participant's testing sessions were scheduled at the same time of day to control for diurnal changes in cognition.
Procedure
Mood induction. Mood-congruent music was played while a mood induction procedure script was read to the participant (1-2 min). The investigator then stepped out of the room for 5 min, giving the participants instructions to focus on the imagery suggested by the mood induction procedure. At the end of 5 min, the investigator returned and stopped the music.
For the sad mood induction procedure, participants were instructed to imagine the death of someone they loved. Specific instructions were given to assist in this imagery, including picturing the loved one's last moments; details about his or her appearance, final words, and gestures; and unsuccessful attempts to comfort the loved one as he or she died. Instructions were given to focus on the death of this loved one and allow a sad mood to develop while the examiner was absent for 5 min. During this time "Adagio for Strings, Op. 11" by Samuel Barber was played at half speed (Fox, Knight, & Zelinski, 1998) . Two additional scripts with guided imagery further elaborating on the loss of the loved one were administered at the one-third and two-thirds points in the testing session to help participants maintain a sad mood.
The neutral mood induction procedure was designed to match the negative mood induction procedure as closely as possible except for the valence of the induced mood. Accordingly, participants were instructed to vividly think about making a trip to the grocery store. The examiner followed a script for each participant that included specific instructions to imagine the details of the store and specific acts involved in grocery shopping. The examiner left the room after giving instructions to continue thinking about this experience. Kraftwerk's "Pocket Calculator" played during the course of the mood induction, which lasted 5 min. As with the sad mood induction, two neutral mood boosters, consisting of instructions to again conjure up the image of shopping for groceries, were also administered.
Mood assessment. Participants' mood ratings were recorded on visual analog scales (VAS) consisting of a 10-cm line with better and worst printed at opposite ends, with a small line marked today bisecting the middle of the line. They were instructed that the bisecting line represented their mood before beginning the experiment and that it should serve as a reference point for all successive mood ratings for that session. All VAS mood ratings were measured in centimeters from the today mark.
Participants were tested individually in two sessions separated by 1 week. During the initial evaluation, informed consent was obtained from participants and the general procedure was explained. Medical and psychiatric histories were obtained, as well as demographic information regarding birthdate, years of education, primary language, handedness, and gender. Participants then performed practice trials for the cognitive tasks. The sad or neutral mood induction procedure was then administered, VAS 1 was recorded, and two to three of the cognitive tests (depending on the counterbalancing order of the tests and their individual durations) were administered, lasting approximately 10 -15 min. VAS 2 was then recorded and the first mood booster given, followed by VAS 3 . Participants performed another two to three tasks (10 -15 min), recorded VAS 4 , received another mood booster, followed by VAS 5 , finished the last two or three tasks, and recorded VAS 6 (see Figure 1 ). At this point, the experimenter offered participants a brief optional writing exercise designed to further improve mood. Participants were debriefed after the second test session.
To minimize time lost to instruction and practice once a mood had been induced, participants practiced all tasks before the mood induction procedure. Music was turned off while participants performed the tasks. The seven tasks were given in one of seven orders, created by successively moving the task in first place to last place and making the second task first, the third second, and so on, as a means to attenuate possible effects of mood dissipation and fatigue. Individual participants performed the tasks in the same order for Sessions 1 and 2.
Neurocognitive Tasks
All tasks were run in Psyscope 1.2.5 on a Macintosh OS 9.2 system except for the Digit Span measure, which was conducted according to the WAIS procedure (Wechsler, 1997) , with performance recorded manually by the experimenter. Words used in the emotion-processing tasks were chosen from M. Bradley and Lang (1999) . Emotional and neutral word pairs were matched as closely as possible for valence, arousal, concreteness, frequency, and word length. Because the number of sad words that could be equated on these measures was limited and because of the large number of sad words required for the task battery, some threat-and traumarelated words were also used as "negative" stimuli. The percentage of depression-and trauma-related words are included in the individual task descriptions. Pilot testing ensured that task difficulty was sufficient to prevent ceiling or floor effects, and two different sets of stimuli were used for Test Sessions 1 and 2.
The task battery included measures of prefrontal/executive function and limbic contributions to perception, attention and memory. and cognitive control, were tested using paired tasks of verbal and nonverbal stimuli.
Working Memory Tasks
Object 2-back. A standard 2-back paradigm, adapted from Postle, Jonides, Smith, Corkin, and Growdon (1997) , was used with random polygons selected for low verbalizability. Images were displayed for 1 s with a 5-s interstimulus interval, with a total of 76 trials and 11 2-back matches. Participants were asked to respond "yes" or "no" with a key press to indicate whether or not each shape matched that which appeared two shapes ago. Performance was measured as percentage of correct responses.
Digit Span. A standard Digit Span measure was taken from the WAIS (Wechsler, 1997) . Participants repeated number strings as read by the examiner and then in their reverse order. The number of digits to be recalled increased incrementally every two trials, and the task was terminated when the participant failed to correctly recall two trials consisting of the same number of digits. Total number correct was used as the dependent measure.
Cognitive Control Tasks
Stroop Color-Word Interference. Words were presented one at a time in the center port of a computer screen in a standard color Stroop experiment. Names of colors (e.g., red) or sizes (e.g., small) appeared in 24-point Chicago font in one of five colors on a black screen, and participants were instructed to name aloud the color in which each word appeared. One hundred words were presented in each of two blocks of trials. Reaction times (RTs) were recorded and the measure of interest, the Stroop interference effect, was calculated by subtracting each participant's mean RT on neutral trials from that on incongruent trials.
Go/No-Go. Numbers were displayed one at a time every 1,000 ms in the center of a computer screen. Participants were instructed to hit the space bar as quickly as possible in response to any number except "4." Two hundred ten numbers were presented, 30 of which were "4" and hence opportunities for false alarms. Numbers appeared in 100-point Chicago font in black on a white screen. Performance was measured as false alarm rate.
Attention, Perception, and Memory for Affectively Valenced Materials
Attention probe. Each trial began with a fixation signal, replaced after 1,000 ms by a pair of words consisting of a neutralnegative or a neutral-positive word pair. Emotional-neutral word pairs were displayed 4 cm apart vertically in the center of a computer screen for 500 ms. After 500 ms, both words disappeared and an "X" or an "N" appeared in the same location as that previously occupied by either the neutral or the emotional word. Participants were instructed to press the "X" or "N" keys in response to this probe. Congruent conditions consisted of the emotional word and the probe appearing in the same location; incongruent conditions consisted of the neutral word and the probe appearing in the same location. Negative words consisted of 50% depression-related words (e.g., gloom) and 50% threat-or traumarelated words (e.g., brutal). There were 100 trials total, with equal numbers of congruent and incongruent, positive and negative pairs. Words were displayed in 24-point Chicago font in black on a white background. Response time was recorded and used to calculate a measure of attention bias for each participant. This measure was a difference between two differences, the first being the difference between the median RTs for congruent and incongruent trials with negative words, and the second being the same difference for trials with positive words. The more attention is directed to the locations of negative words, relative to positive words, the higher the value of this bias measure.
Free recall and recognition memory. Three sets of 16 words each were displayed, 1 word at a time for 2 s in the center of the screen. Half of the words had negative emotional valence and half had neutral valence. The negative words were 80% depressionrelated words and 20% threat-or trauma-related words. After each set was completed, participants were asked to recall as many of those 16 words as possible. After viewing all three sets, participants were shown a final list including these sets plus an equal number of new words in the recognition memory portion of the task. Participants were shown the words one at a time and asked whether the word was in one of the original sets. Words appeared in 36-point Helvetica font, in black on a white background. Recall and recognition performance were both measured as percentage correct.
Facial emotion recognition. This task was constructed using the Ekman photographs of people displaying neutral facial expressions, as well as the emotions happiness, sadness, anger, and fear (Matsumoto & Ekman, 1988) . Eighty faces were presented one at a time in the center of the computer screen for a fixed duration of 500 ms. Each face was followed by a fixation cross that appeared until the participant's voice response triggered the next face to appear. Participants were instructed to choose one of five possible emotions (angry, afraid, neutral, sad, or happy) to describe the expression on each face. Accuracy of spoken response was the dependent measure.
Results
Participants whose performance on a particular task was greater than 2.5 standard deviations from the mean were removed from analysis for that task, resulting in an average of 1 participant removed per task (M ϭ 1, SD ϭ 1, range ϭ 0 -2). Mean RTs for each participant in each task were calculated excluding RTs greater than 2.5 standard deviations from the participant's mean. Relatively few data points were removed (M ϭ 3.65, SD ϭ 1.72, range ϭ 0 -8 data points per participant per task), and these most often reflected errors in voice detection by the Psyscope microphone (RT Ͻ 80 ms or RT Ͼ 5,000 ms) on the Stroop and facial emotion identification tasks.
In overview, we had three main goals in the analyses to be reported. First, we tested the effect of the mood induction procedures on mood in the two testing sessions as measured by the VAS. Second, we sought to determine, for each cognitive system, whether participants' moods influenced their performance. Statistically, this was addressed using matched pairs t tests comparing performance in the neutral and negative mood conditions. Given our a priori hypotheses concerning the direction of the effects, we report one-tailed t statistics. Third, we sought to determine whether the effect of mood was significantly more pronounced on some cognitive processes than on others. For this, we conducted a repeated measures analysis of variance (ANOVA) on standardized performance measures in each task, considering both mood and task as orthogonal factors, to test for a significant interaction between the two factors.
Mood Ratings
Mood measures were determined using the distance (in centimeters) between VAS 0 and VAS 1-6 . A significant difference was found between the mean mood (averaged over VAS [1] [2] [3] [4] [5] [6] ) for the neutral mood induction procedure (M ϭ 0.42, SD ϭ 0.99, range ϭ Ϫ3.5 to 7) and sad mood induction procedure (M ϭ Ϫ2.37, SD ϭ 1.68, range ϭ Ϫ11.3 to 4), t(32) ϭ 8.72, p Ͻ .001, and at comparisons for each time point ( p Ͻ .001 in all cases). During the sad mood session, most participants experienced an improvement in mood between mood boosters but did not return to baseline during the testing session. This pattern contrasted with that observed for neutral mood ratings (VAS 1-6 ), which did not statistically differ from baseline. This analysis confirmed the Neutral and Sad mood induction procedures successfully induced the desired mood and the mood was sustained throughout the course of cognitive testing. Figure 1 shows the average mood ratings at each measurement point in the Sad mood conditions.
Task Performance
The analyses that follow were aimed at answering two questions: First, how did sad mood, compared with neutral mood, affect the cognitive processes required by the task battery? Second, given the striking disparity between the number of published reports of mood effects on memory bias and facial emotion perception on one hand and on other neurocognitive systems on the other hand, did the effects of mood vary across cognitive processes?
Sad mood caused a highly significant bias in recognition memory toward negatively valenced words relative to the neutral mood condition, t ϭ 4.77, p Ͻ .0001, as calculated by percentage correct for negative words divided by overall percentage correct. This bias ratio was 87% and 92% in the neutral and sad conditions, respectively. The recognition memory effect was purely one of bias; overall word recognition was not affected by mood, t ϭ Ϫ0.950, p ϭ .175, with 84% and 85% overall recognition for neutral and sad mood conditions. The mood bias effect found for recognition did not extend to recall, t ϭ Ϫ0.104, p ϭ .459, with 50% of negative words recalled in both conditions. Sad mood also interfered with facial emotion recognition. Participants were more accurate in the neutral than in the sad mood condition, t ϭ 2.62, p ϭ .0069, with mean accuracies of 84% and 81%, respectively. In addition to examining whether participants would exhibit a general impairment in facial emotion recognition in a sad mood relative to a neutral mood, we also explored the possibility that sad mood would affect this function in a more specific way, namely through a systematic bias to mislabel happy faces as neutral or sad, or neutral faces as sad. To that end, for each participant in each condition, we tallied the number of errors consistent with this type of bias. As in the majority of studies with depressed patients, there was no such bias, t ϭ 0.5, p ϭ .31, with mean rates of negatively biased errors of 18% and 14% in the neutral and sad conditions, respectively. Sad mood did not bias attention toward negative words. Indeed, we found a nonsignificant trend in the opposite direction for our measure of attention bias, t ϭ Ϫ1.23, p Ͼ 0.230, two-tailed, with a mean RT measure of Ϫ10.3 ms and Ϫ14.5 ms in the neutral and sad mood conditions, respectively. We also examined the effect of sad mood on negative bias within the neutral-negative word pairs alone and also failed to find an effect, t ϭ .14, p Ͼ .445, with means of 2.2 ms and Ϫ3.6 ms for the neutral and sad mood conditions, respectively.
Sad mood did not affect performance on any of the executive function tasks. For the Digit Span task, participants' total number correct was 20.5 and 20.7 in the neutral and sad conditions, respectively, and did not differ, t ϭ 0.335, p Ͼ .1. The other working memory task, Object 2-Back, also failed to show any effects of mood, t ϭ 0.135, p Ͼ .1, with a mean accuracy of 87% in both conditions. The two cognitive control tasks were similarly unaffected by mood. The mean Stroop effect size in the neutral and sad mood conditions was 114 ms and 115 ms, respectively, which did not differ significantly between conditions, t ϭ 0.445, p ϭ .660, for the Stroop task. Accuracy was also not affected by mood for the Go/No-Go task, t ϭ Ϫ0.423, p Ͼ .676, with mean false alarm rates of 19.6% and 18.8% in the neutral and sad conditions, respectively.
The final analysis reported here concerns the pattern of mood effects over tasks. In contrast to studies of depressed patients, studies of normal participants have so far revealed quite limited effects of sad mood on cognitive abilities, largely confined to memory bias. However, we cannot know whether the broader set of abilities has simply not yet been studied or whether they have been studied and produced null results. Having administered a diverse set of tasks, tapping the range of neurocognitive functions affected by depression in the same group of normal participants in sad and neutral moods, we can now address this question. Specifically, we can ask whether mood affected cognition unevenly in this study. That is, more than simply showing that some abilities were not measurably affected by sad mood and others were, we can find out whether some were reliably less affected by mood than others.
To address this question, we transformed the measures of performance in the different tasks to a common scale by calculating z scores for each participant's performance in each mood condition in each task, defined relative to the distribution of neutral condition scores for each task. The z scores were then submitted to a two-way repeated measures ANOVA with factors mood (sad or neutral) and task (the seven different tasks). This analysis revealed a significant interaction between mood and task, F(6, 24) ϭ 3.394, p ϭ .014. In other words, sad mood did not merely influence performance in some tasks significantly and in others not; instead, mood was significantly more influential on some tasks than others. This corresponds visually to a significantly jagged, rather than flat, profile of mood effects over tasks. Figure 2 illustrates this by showing the effect of sad mood in terms of the disparity between mean performance in the neutral and negative mood conditions, measured in terms of standard deviations of performance in the neutral condition.
Discussion
Cognitive psychologists are generally careful to control, or at least measure, the age, gender, and native language of participants (for studies with verbal materials) and take exquisite care to control the attentional states of participants during experiments through task instructions, quiet testing rooms, and, sometimes, performance incentives. In contrast, mood state is rarely measured in a typical cognitive psychology experiment. Most of what we know about cognition therefore comes from experiments in which the majority of participants can be presumed to be in a "neutral" or average mood, but the specific nature of participants' moods is neither controlled nor measured. As a result, relatively little is known about the effects of mood on cognition, despite the fact that mood is a salient and pervasive feature of our mental lives. The present study was motivated by the dearth of evidence on the relation between mood and cognition in normal healthy people and sought to address a basic question about the influence of a particular type of mood, sadness, on cognition.
As noted earlier, there are good reasons to expect a pattern of extensive influence of sad mood on cognition. Anatomically, many of the brain regions subserving perception, attention, memory, and executive function are influenced by mood, becoming either more or less active in sad mood compared with neutral mood. In addition, a large literature on cognition in depression documents executive dysfunction and changes in attention, perception, and memory in patients suffering from depression. However, the literature on mood and cognition in healthy participants does not show a similar pattern of a pervasive effect of sad mood. Instead, one finds ample evidence of sad mood effects on memory, specifically a mood-congruent memory bias, but little or no evidence of other effects. The literature contains relatively few studies of sad mood on other cognitive processes, and isolated positive findings are balanced by a greater number of published null results.
There are two possible interpretations for this unexpected pattern of results in the literature. One is that studies of sad mood have so far been undertaken primarily with memory for affectively valenced material and that the dearth of reported sad mood effects on facial emotion recognition, attention, working memory, and inhibitory control simply reflects the fact that the relevant experiments have rarely or never been carried out. The other possibility is that such experiments have been carried out but produced null results, most of which went unpublished. In any individual case of a null result, one would not know whether the absence of an effect is due to the encapsulation of the cognitive process in question from sad mood or to inadequacies of the experiment, presenting an obstacle to publication.
Distinguishing between these possibilities requires an experimental design in which the same mood induction procedure, in the same sample of participants, is used to assess mood effects across an array of cognitive processes. This is what was done in the present study. The results of this study indicate a very circumscribed effect of sad mood on cognition, influencing affective memory bias and facial emotion recognition only. The same mood induction procedure, administered to the same participants in the same sessions, failed to affect performance on a spatial attention task and four executive function tasks. This is consistent with published results and with the hypothesis that earlier studies of sad mood effects on attention and executive function have probably gone unreported because of the ambiguity of null results.
Of course, it is always possible that a better mood induction procedure, or more or better tests of attention and executive function, would have revealed effects of sadness on attention and executive function. Perhaps the particular tasks we used were insufficiently sensitive measures of executive function and attention. We cannot rule this possibility out, yet it is unlikely for two reasons. First, the relevant performance measures for some of the tasks had no ceiling (Digit Span, Stroop Color-Word, attention probe), and for those that did, participants were not at ceiling or floor on any of them, by the criterion of having at least 1 standard deviation between the mean and the highest or lowest possible scores. Second, as noted in the introduction, positive findings have been reported in the depression literature for the types of tasks we used, specifically Stroop Color-Word, Go/No-Go, Object 2-Back, Digit Span, and attention probe. Alternatively, perhaps a more extreme sad mood than that achieved in our study would influence a greater range of cognitive processes. Even so, on the basis of the present results we can conclude that a degree of sadness sufficient to influence affective memory bias and facial emotion recognition has no measurable effect on the other cognitive processes tested and that this was true of executive function tested with four different tasks.
How do the present results inform our understanding of cognition in depression? They suggest that the cognitive impairments and biases in depression may not simply be the result of the disease's hallmark, sad mood. One possibility is that the cognitive aspects of depression are an independent component of the disease. Although laypeople generally think of depression as defined solely by sad mood, it is in fact a complex disease affecting energy level, psychomotor speed, concentration, sleep, appetite, and libido, as well as mood (Diagnostic and Statistical Manual of Mental Disorders, fourth ed.; American Psychiatric Association, 1994) . The finding that cognitive improvements may precede mood recovery during therapy for depression (Dunkin et al., 2000) lends support to this interpretation.
It is also possible that there are individual differences in the effects of sad mood on cognition. It has been suggested that one determinant of vulnerability to depression is the longevity of the effects of sad mood on cognition (Gilboa et al., 1997) . A related idea is that vulnerability is associated with a more pervasive effect of sad mood on cognition (Miranda & Persons, 1988) . Perhaps in vulnerable individuals a sad mood is capable of biasing attention and perception as well as memory and interfering with executive functions. This set of changes could, in themselves, contribute to the onset of a depressive episode. It is likely that few participants in the present study were vulnerable to depression because a history of depression was an exclusionary criterion.
The conclusion of this study, that normal sadness has an extremely circumscribed effect on cognition, does not necessarily generalize to mood in general. There is reason to believe that sadness and happiness are not simply opposite ends of a single mood continuum but instead represent independent dimensions of mood (Dalgleish, 2004) . Indeed, positive mood has been demonstrated to influence executive function (Bartolic, Basso, Schefft, Glauser, & Titanic-Schefft, 1999; L. H. Phillips, Bull, Adams, & Fraser, 2002) and has been shown to do so even when negative mood does not (Oaksford, Grainger, Morris, & Williams, 1996) , presumably via its effects on the neurotransmitter dopamine (Ashby, Isen, & Turken, 1999) . However, for sadness the results of this study suggest fairly limited effects of mood. The cognitive processing of affectively valenced words and faces was found to be permeable to the mood state of sadness, but cognition more generally appeared relatively encapsulated from sadness, at least in young adults with no history of depression.
